Results of experiments on the video-acoustic estimation of fish target strength in situ Present methods for determining the target strength (TS) of fish do not meet the requirements of accuracy, since they are not provided with reliable working standards and therefore have no correct metrological basis. Attempts to develop such a basis by means of catch analysis have not brought good results, because any fishing gear is selective, and TS measurements of single fish in situ are uncertain when data on their length distribution and behaviour are lacking. To overcome this difficulty, the Knipovich Polar Research Institute of Marine Fisheries and Oceanography (PINRO) has been developing a video-acoustic method to measure the TS of fish in situ. The method involves the processing of two independent data flows from the same fish received synchronously through the acoustic and video channels. Good matching of the effective ranges of both channels can be achieved by maximizing the underwater visibility range of the video camera. To this end, the laser underwater television system (LTV) was used. Field experiments showed the visibility range of the LTV to be 3.2 times that of the ordinary underwater video.
Introduction
Trawl-acoustic assessment of fish stocks involves the estimation of summarized echo intensities that are proportional to the abundance of fish in an aggregation. Summarized echo intensity is converted to fish abundance according to the echo intensity of each species in an aggregation and the length-dependence of the target strength (TS) of a single fish. Species and length composition are obtained from the analysis of trawl catches. The species and length composition of trawl catches are therefore the main input data with this method. The trawl, however, like any fishing gear, is characterized by selectivity, which is not simply a mere sorting-out of fish but rather a complex and variable function involving many factors (Zaferman et al., 1997) . As a result, the length composition of a trawl catch may differ considerably from that of the actual fish aggregation that it comes from. This substantially degrades the accuracy of acoustic estimates (Ermolchev, 2000) . Thus, the currently applied methods of linking TS to species and length of fish in trawl catches is unreliable because of the lack of density and length standards for fish in situ. To overcome this difficulty, data on the species, length, and orientation of fish in their natural environment need to be obtained simultaneously with the measurement of their TS. This is achieved most efficiently by visualization, i.e., receiving and measuring images from underwater objects. Numerous attempts at acoustic visualization have been undertaken by means of ultrasonoscopy, including acoustic holography. However, for a sufficient image quality, frequencies of several megahertz are required. The detection range of these systems is comparable to that of optical systems, but their image quality is worse (Katakura et al., 1975) and so this approach is not yet applied in marine research. A combined technique including underwater photography of herring (Clupea harengus harengus (L.)) in the Norwegian Sea and Clupea harengus pallasi (L.) in the Okhotsk Sea (Ermolchev and Zaferman, 1983) , as well as Caspian kilka (Clupeonella delicatula (Nordmann)) (Ermolchev, 1978) , has been tried, but was not developed further because of the emergence of more advanced video technologies.
All the usual visualization techniques have a considerable limitation stemming from their small visual ranges. A good quality image can only be obtained near the camera. At such short distances though, fish react to the equipment, thus affecting the correctness of TS measurement. It was therefore decided to use the laser underwater television (LTV) with a range-gate system. The idea of such a system was conceived long ago (Kornstein and Wetzstein, 1968) , but its implementation was delayed until the emergence of electronic units, which could operate with very short (1 ns) pulses. The experiments described here had the following aims: (1) to prove the idea that strobed LTV increases the visibility range and (2) to investigate the prospects of LTVbased techniques for video-acoustic TS measurement.
Principles of video-acoustic technology
The term ''video-acoustic technology'' means the combination of methods involving the synchronous receiving and processing of independent video and acoustic data flows from the same fish, including the identification of species, length, density, and TS (Ermolchev and Zaferman, 1999) . Earlier devices that combined a submerged transducer with a TV camera (Backus and Barnes, 1957; Myrberg, 1973) could not perform measurements and process two independent data flows from the same object.
Video-acoustic technology is based on the following principles: (1) The video system is used as an alternative to acoustic techniques for species identification and estimating density and length of fish in situ. The results of these measurements can serve as working standards. (2) The video images are received synchronously with acoustic data. (3) The video and acoustic data are jointly processed in real or quasi-real time.
The first principle suggests that a video system should be able to measure the dimensions, orientation, density, and distance between the observed objects. The resolution of a video system should be sufficient to identify the species, shape, and position of fish. The second principle provides for the best matching of the effective ranges, i.e., the zones from which data are obtained, of the video and acoustic systems. It is necessary to clearly define the overlapping zone within the effective ranges of both systems. According to the third principle, the data processing should relate the echo parameters to the geometric parameters of objects and their aggregations, e.g., ''TS-fish length'', ''echo intensitydensity'', etc.
Equipment
The acoustic component of the technology is now well developed in terms of both equipment and data processing. This is not the case with underwater TV. The challenge was therefore to design an underwater TV compatible with the acoustic systems. Particular attention was given to matching the video and acoustic equipment and to maximizing the range of visibility. This was made possible by the development of LTV. An experimental unit was designed and tested. The LTV system is based on time strobing (Kornstein and Wetzstein, 1968) . While a short laser pulse goes from the camera to the object and back, the shutter of the TV camera is closed and the light scattered by the water between the camera and the object cannot be received. The shutter opens after a time corresponding to the distance to the object. Thus, the backscattered noise is minimized, considerably increasing the visibility range. The distance to the observed water layer is measured by the delay in shutter opening. Changing the delay in a series of consecutive pulses allows the viewing of the space layer by layer. Each pulse gives the image of the corresponding layer. Computer integration of the layer images gives a composite view of the entire water column, from the camera to the limit of the visibility range. The high speed of light allows this image to be obtained in a single TV frame. Knowing the delay at the moment of tracking the most distant fish, we can calculate the distance to these fish, and the density of their aggregation, as well as identify species and length of each fish within range. We can receive video and acoustic data synchronously from the same fish by the superposition of LTV and echosounder effective ranges.
Since the objective in this case was merely to test the idea that LTV-based technologies could increase the visibility range, and provide the synchronous processing of video and acoustic data, a simplified device was used with manual control of the shutter-opening delay.
Method of experiments
The LTV tests and video-acoustic experiments were conducted in 1998 in three stages: tests in a laboratory pool; at-sea estimation of visibility range and the TS measurement for fish in situ.
Laboratory tests were conducted in a 12 m freshwater pool. Field experiments were carried out in Kola Bay in early October 1998. The water transparency was 5 m, measured by Secchi disc. The equipment layout is illustrated in Figure 1 . We used an EY500 echosounder with a 120 kHz split-beam transducer mounted on the underwater LTV unit. The underwater unit was placed at 7-m depth and fish were observed vertically downward. When a fish appeared within the visibility range, its TS was measured with the simultaneous ''take'' of a video frame. The distance between the fish and the camera defined the fish length. Some data were collected on the TS of live fish that were measured on board attached to a tether and then dropped in the water below the transducer. These fish were also observed by LTV in order to test the videogrammetric method of length measuring.
Results
The 12 m pool appeared to be too small for visibility experiments, as all objects were readily visible at the maximum distance. The LTV visibility range in seawater was 3.2 times that of human-eye observations or ordinary TV. A white disc of 30-cm diameter was visible to 16-m distance at the standard water transparency of 5 m. Within 10 m of the camera, mobile young cod of 15-21-cm length and the seabed could be seen clearly. TSs were measured for fish located within 4-7 m of the camera. The following regression equation of TS (TS in dB) against total length (TL in cm) was derived for 15-21 cm length cod at 120 kHz frequency: TS ¼ 31:6 logðTLÞ ÿ 80:7; r ¼ 0:98; SD ¼ 0:25 dB, where r is the correlation coefficient and SD the standard deviation.
Discussion
Although fish length was measured by two different methods, viz., direct measurement of fish dropped in the water on the tether and videogrammetric measurement of both free swimming and tethered fish, all the TS/TL data fitted the general relationship well with a high correlation coefficient, r ¼ 0:98. Such a good correlation is apparently due to the measurements being performed on live fish in situ, and on single fish rather than on aggregations. The results confirm the efficiency of the video-acoustic technology. Unfortunately, the LTV unit, being only a pilot device developed merely to evaluate the prospects of the videoacoustic technology, had a number of drawbacks. First, the reliability of the trial device was inadequate. It did not provide for the automatic synchronization of the video and acoustic data. This did not allow us to collect enough data for a statistical analysis of the precision of videogrammetric length measurements. Secondly, the spatial orientation of fish was not determined. Only fish tracked by the echosounder while moving perpendicular to the axes of the transducer and the video camera were measured and no precise measurements of spatial orientation were taken. This should be done after the construction of a new device for field experiments, either during stereoscopic video observations or with a special layout of acoustic and video systems. Thirdly, image quality was poor as the optical elements used in the trial device were not entirely suitable for underwater research. Nonetheless, the experiments indicate that the video-acoustic technology holds promise in the development of working standards for acoustic surveys.
Conclusions
The experiments have shown that the video-acoustic technology is a promising way to improve the quality of acoustic stock assessment. The suitability of LTV in estimating TS/TL relationships has been proved. The task now is to carry out engineering research and to design a prototype that is sufficiently automatic and suitable for field measurements of TS in fish aggregations. This, however, is a matter of funding availability and engineering development rather than science.
